LESSONS LEARNED
• Ramucirumab was well tolerated in Chinese patients with advanced solid tumors, and adverse events were manageable in this study.
• Pharmacokinetics characteristics in Chinese patients were similar to those in other populations. Immunogenicity was not detected.
• No efficacy conclusion could be drawn, and further randomized studies are warranted.
ABSTRACT
Background. This single-arm, nonrandomized, open-label, doseescalation, phase I study was designed to evaluate the safety, tolerability, and pharmacokinetics (PK) of ramucirumab in Chinese patients with advanced solid tumors that were resistant to standard therapy or no standard therapy was available. Methods. Dose escalation was a 3 1 3 design, with expansion in Cohorts 2 and 3 for PK. Ramucirumab was given intravenously at three different dosages: 6 mg/kg every 2 weeks, 10 mg/kg every 3 weeks, and 8 mg/kg every 2 weeks. Safety analyses included all patients. PK, immunogenicity, and antitumor activity were also assessed. Results. Among 28 patients treated, 2 experienced doselimiting toxicity, possibly related to ramucirumab. No maximum tolerated dose was determined. All patients experienced at least one treatment-emergent adverse event. Grade 3 adverse event was reported for 53.6% (n 5 15) of patients. PK analyses indicated that ramucirumab had low clearance, small volume of distribution, and long half-life in Chinese patients, as in other populations. Immunogenicity was not detected. No patient had complete/partial response, and 64.3% (n 5 18) had stable disease with a median duration of 5.55 months (95% confidence interval: 3.3827.13 months). Conclusion. Ramucirumab appeared to be well tolerated in Chinese patients with advanced solid tumors. PK characteristics in Chinese patients were similar to those in other populations. The Oncologist 2017;22:638-e56
DISCUSSION
Ramucirumab is a recombinant human IgG1 monoclonal antibody inhibiting vascular endothelial growth factor receptor-2 [1] [2] [3] . Its clinical benefit has been demonstrated in several phase III studies in patients with gastric cancer, non-small cell lung cancer, or colorectal cancer [4] [5] [6] [7] . However, data among Chinese population were minimal.
In this study, eligible patients were enrolled sequentially into three cohorts and received ramucirumab intravenously at three different dosage levels, respectively. Dose selection and escalation were based on phase I trial results conducted globally [8, 9] .
Two patients experienced dose-limiting toxicity (DLT), possibly related to ramucirumab: 1 in Cohort 1 (grade 3 proteinuria), 1 in Cohort 2 (grade 3 alanine aminotransferase (ALT) increased). No DLT was observed in Cohort 3 at the highest dose. All 28 treated patients experienced at least 1 treatmentemergent adverse event (TEAE). Study drug-related adverse events (AEs) that occurred in 20% of total patients included fatigue, hypertension, increased aspartate aminotransferase (AST), proteinuria, increased ALT, decreased appetite, sinus bradycardia, headache, decreased platelet count, mouth hemorrhage, and epistaxis. Related grade 3 AEs were reported in 35.7% (n 5 10) of patients, and related grade 3 hypertension (25%, n 5 7) was the only event 5%. Those grade 3 hypertension events were all grade 3. No hypertension led to treatment discontinuation or study drug dose delay/modification. A total of four serious adverse events (SAEs) were reported, and one SAE (upper gastrointestinal hemorrhage) that occurred in a patient in Cohort 2 was considered to be related to study drug. Two patients died: one within 30 days of last dose due to study disease (fibrosarcoma) and one on treatment due to SAE (impaired gastric emptying) not related to ramucirumab.
The geometric mean values reported for single-and multiple-dose noncompartmental analysis (NCA)-derived PK parameters such as apparent terminal elimination half-life (6-10 days), total body clearance (13 to 19 mL/h), and volume of distribution at steady state (3-4 L) were consistent with those expected for an IgG-type monoclonal antibody and previously reported for ramucirumab [10] [11] [12] [13] . Immunogenicity as anti-ramucirumab antibody was not detected in any of the patients.
Preliminary antitumor activity was demonstrated. No patient had complete/partial response; 64.3% (n 5 18) had stable disease with a median duration of 5.55 months (95% confidence interval [CI]: 3.38-7.13 months). The median time to disease progression was 3.38 months (95% CI: 1.41-5.55 months). However, because of limited sample size and singlearm design, no efficacy conclusion can be drawn, and further randomized studies are warranted.
In conclusion, ramucirumab was well tolerated in Chinese patients. The safety profile, PK, and immunogenicity results observed are consistent with previous studies of ramucirumab. This supports further development of ramucirumab in Chinese cancer patients and could provide evidence to extrapolate global data to the Chinese population.
Adverse Events
Patients with AE n (%) Numerous evidence suggested that the interaction of vascular endothelial growth factor with vascular endothelial growth factor receptor-2 (VEGFR-2) plays an important role in tumor angiogenesis [1, 2] . Ramucirumab is a recombinant human IgG1 monoclonal antibody that specifically binds to the extracellular domain of VEGFR-2 with high affinity, inhibiting certain biological processes involved in tumor angiogenesis [3] . The safety and efficacy of ramucirumab have been demonstrated in four global, multicenter, double-blind, randomized phase III trials: REGARD, RAINBOW, REVEL, and RAISE [4] [5] [6] [7] . Therefore, ramucirumab was approved by the U.S. Food and Drug Administration and in many other countries for the treatment of gastric or gastroesophageal junction adenocarcinoma, non-small cell lung cancer, and colorectal cancer.
ADVERSE EVENTS
We designed this single-arm, nonrandomized, open-label, dose-escalation, phase I study in Chinese patients with advanced solid tumors. Based on completed global phase I trial results [8, 9] , ramucirumab was given intravenously at three dosage levels in three cohorts: 6 mg/kg every 2 weeks, 10 mg/ kg every 3 weeks, and 8 mg/kg every 2 weeks. Dose escalation was based on a 3 1 3 design, with expansion in Cohort 2 and Cohort 3 for pharmacokinetics (PK) data if no maximum tolerated dose was determined after the first three to six patients. The primary objective of this study was to establish the safety profile and PK in Chinese patients. The secondary objectives included assessments of immunogenicity and antitumor activity.
A total of 28 patients were treated with ramucirumab in this study, and all patients completed at least one cycle of treatment. The median duration of treatment was 6.0 weeks (1 cycle) in Cohort 1, 12.0 weeks (2 cycles) in Cohort 2, and 15.5 weeks (2.5 cycles) in Cohort 3. The relative dose intensities were approximately 100% and similar across the three cohorts. Male and female each comprised 50% of the patients, with a median age of 57 years old (range 37-68).
One dose-limiting toxicity (DLT) happened in each of Cohort 1 (grade 3 proteinuria) and Cohort 2 (grade 3 ALT increased). No DLT was observed in Cohort 3 at the highest dose of this study. Therefore, no maximum tolerated dose was determined.
All 28 treated patients experienced at least 1 TEAE; 27 (96.4%) of them were considered to be study drug-related. The most frequent drug-related AEs reported were fatigue (64.3%; no grade 3 event), hypertension (53.6%; 25% grade 3, no grade 4), increased AST (42.9%; no grade 3), proteinuria (42.9%; 3.6% grade 3, no grade 4), increased ALT (39.3%; 3.6% grade 3, no grade 4), decreased appetite (28.6%; no grade 3), sinus bradycardia (25.0%; no grade 3), headache (25.0%; no grade 3), decreased platelet count (21.4%; no grade 3), mouth hemorrhage (21.4%; no grade 3), and epistaxis (21.4%; no grade 3). Hypertension is a common adverse event of special interest, potentially associated with antiangiogenic agents or therapeutic antibodies. Hypertension that occurred in this study can be controlled with antihypertensive therapy and did not lead to treatment discontinuation or to dose delay or modification. Grade 3 elevated ALT was resolved within 2 weeks, and the study treatment was resumed without dose reduction. Grade 3 proteinuria was resolved within 2 weeks, and the study treatment was discontinued. Three patients experienced AEs that lead to discontinuation of study drug: grade 1 proteinuria, grade 3 upper gastrointestinal hemorrhage, and grade 4 impaired gastric emptying.
A total of four SAEs were reported, and one SAE (upper gastrointestinal hemorrhage) was considered to be related to study drug. There were two deaths reported in this study: one within 30 days of last dose due to study disease (fibrosarcoma) and one on treatment due to SAE (impaired gastric emptying) not related to study drug.
Ramucirumab exposures were higher for the 8-and 10-mg/ kg regimens as compared to the 6-mg/kg regimen. Greater accumulation was generally observed following the 2-week regimens as compared with the 3-week regimen. The geometric mean values reported for single-and multiple-dose NCA-derived PK parameters such as apparentterminal elimination half-life (6-10 days), total body clearance (13-19 mL/h), and volume of distribution at steady state (3-4 L) were consistent with those expected for an IgG-type monoclonal antibody and previously reported for ramucirumab in other ethnic populations [10] [11] [12] [13] . Immunogenicity as anti-ramucirumab antibody was not detected in any of the patients treated with ramucirumab.
Ramucirumab was well tolerated in Chinese patients with advanced solid tumors in this study. The safety profile observed in this study is consistent with previous studies of ramucirumab. The safety profile, PK, and immunogenicity results observed are consistent with those from previous studies of ramucirumab. Results of this study support the further development of ramucirumab in Chinese cancer patients.
At the time of study completion, no patient showed complete/partial response. Eighteen patients had stable disease with a median duration of 5.55 months (95% CI: 3.38-7.13 months). The median time to disease progression was 3.38 months (95% CI: 1.41-5.55 months) in all 28 patients. RECIST were designed primarily for the evaluation of cytotoxic agents. Recent studies have shown a poor correlation between the objective response and survival benefit provided by antiangiogenic agents [14, 15] . As shown in REACH and REGARD studies, SD was often observed and resulted in the improvement of disease control rate (DCR) while ramucirumab was given as a single agent. In this study, preliminary antitumor activity was demonstrated. However, due to limited sample size and single-arm design, no efficacy conclusion can be drawn from this phase I study and further randomized studies are warranted.
FIGURES AND TABLES

Time to Progression (Months)
Cohort and Patient ID 
